^gg3p6-l66594 

(43)liglB 5^^6^(1994) 6^140 



V 7821-4G 
7821-4G 

8617-4M HOIL 21/265 A 





#1^^5-173554 






591012370 


(22)miPB 


3PfiK5^{1993) 6^ 7 B 








(31) fil5t?ti?fi#^ 

(32) ffi5tH 


f 9 2/4 113 
1992^ 6 5 B 
^7:7 'J* (ZA) 


(72)fg| 




a/\> >'^>x :/'J>x 

jpy, y— x^'j-y^- xi7XT->->3> 

13. 7j^-F^>F T'k-X 8 






(74)f^S 


lA 





(54) :?'-f-\'^> FOF— li>i7' 



(57) mmi 

[mmi iSjgscDF-bf>^ii^^fe5''-i'-v^:> F© 
[itfixi F-tf>i7'$nrcy'f-v^:>Fssjt-r^:;^ 

mzi3\,^X. (a) {g;M-e®^i^a-1':*->ffiA^ffifflL.?5: 
Tjte.. i9''r-\'^>F«)iieSt&^l^{C^?LS:t>*ffiA^M^^ 

(b) iSMTcD^j^a-f ^>aA*^sefflb^c7&te,. ^j^e, 
^ n^cs ® tf tc F - e > s # A-r i , 

(c) i@ (b) <D^m.m^M.m\zT=.--'}>ir\^-ci& 

«$-&sx@<t. (d) F-y»j**-r^ 
F-fcf>i^$nfey'f-^t>F*i©jt$nss-e. IS 

(a) ~ (c) €:»Oj&-riiS<i:S:'^ty±IESl)fi*ffi, 



(l9)B*@iRffflf (J P) (i2)^li^$P^'^^ (A) 



(51)Int.Cl. 

C30B 29/04 
31/22 
HOIL 21/265 




( 2 ) 

1 

(b) {£u-t:(D'pm-<7irymx=smmL'fs.A^i=>. 
intern (Dipiz H-h!>^^M^^#A-r-5xs 

i:, (c) Xg (b) 0^«K#)Stij$fcT:^-'J >y 
«{cS£«[$-a:-5Xg<h. (d) ffl* Lt^*® H-:/»J 10 
T. xe (a) ~ (c) *«*r)M-rxiS<hSr^tr. Jiia 

[«*]S2] xs (a) x'<DM^-stirzm^m^-r^ 

[«*:^4] 1^— W-f;^>S. 'r^>ffiAXe (a) 20 

at/ (b) (c^seffl-rs. m^mnznim<DmmM. 

1 ~ 4 wvi-rn*^ 1 :*!CSB«<oSSit;^S. 
[W*:i6] Hm. (a) ~ (c) S:ii>75:< tt) 5[i]«t 

oiE-r, 1 ~ 5 ®vi-rti*^ 1 mizmmcommyj 
J*. 

[^^«71 XS (a) ISlU (b) ©-f:^>aA*0 

[BiS:*«8] XS (a) (b) C5'r^>ffiA*^ 30 

#:^3^©ias£AT-e?f 3 , m^m i ~ 7 ® ti-rn*^ 1 :« 

[»*«9] X@ (c) ©tLjSZn-g >^CDTr:- 
U>^''SS**« 5 0 0~1 5 0 0° CO*BH-C*-5. » 

1 ~ 8 coii-rn*^ 1 mizmm(Dmm.yj&. 
im^m. 1 0 ] ttsmT—- u > i^^a^/^^' 1000° c 

[W^JSi 1] SfrfETr.-u >i^s**n 0 0 0° c 

lll^«12] 6-^Xg (c) T-H.Tr:-U>i7'ia 
1 ~ 1 1 ©i/i-rn*^ 1 :^{cS5i£oSjt:^)*. 

10 0 0 1] 



l^mW-G- 1 6 6 5 9 4 
2 

[0 0 0 2] 

rtfC^e.^tlitJl (damaged layer) SrJ^ 

nfceo^>tc F-tf>i?'il^&#AL> i>:^i-c=^«^?. 

©T::!— 'J >:^«.tlj^^i:7'n— ij >^-Ch&^K 
[0 0 0 3] 

>^$nfe^'f-A't>H<£-Sjfr^:^S«, (a) <S 
ffi-COT^J^ft'T^^ffiA (ion implantati 

-r^xigi. (b) iBST-®di>«'r^>aA<^^fflb 

-r-SXgct, (c) aPi (b) O)±0!t<^^MizT- 
-U >5^bT*&^a«^M6U. -ffiAMH-tf>^il^ 
**&^<ftSfCl£^S-ar^XSt, (d) S^bVittA 
a© F-^^JSWT-s F-tf>i^$ti;tyi'i'^> F^^ 
Sitsn-S^-^, XS (a) ~ (c) ^iSSOiirxSi: 

[0 0 0 4] 2^lT!IB®:^jS(i, ^<-V^:>Fofic:F- 

t?>ym^*#A-r^fca5<^, }^mmxt%mT=--u 

yifiKDm-^VtzT-U^-^ti. —mz. X@ (a) ~ 

(c) Mwm. '>f3.< ii^5m&<±mK>m.-r, -eneco 

xg<&i6soj&-rgfiE«, mm\'-'^yifcDumz^^. 

>FcOfftC#AT^il<i:*inJtgT'3bi3> 
«^^e*S^S«rffl ViT^fig-r # ^JS* J: 0 BIS d t /O^^J-di 

ofco ^JiLT, g,«iC#ffi-r-5 I I b^5^-1'-V^:>F 

[0 0 0 5] ^CD^-f ^^:> F't'CDme.Sn/c^«. 
jg-rcD/j>*-f :^->ffiAS:<sefflt-«> CI .ttc J;oT»en 

ir^:> F{c«»*jnx.sci<i:*^'^$n.5o ^waA» 
[0 0 0 6] mu^m^r^^ ^>mx<D^\^^mm.\t 

0° C*?ilT'abO, j1#0° CJ;0*^fj:OiSt.^. ffifflnl 



( 3 ) 

3 

[0 0 0 7] Hm (b) TfflViS. 1SM-C<D{}>m-^:t> 

[0 0 0 8] T.m (a) &t>' (b) til^Btfcfro C t*^' 
m^ii. mm (damage) «^-f-\'^>K 

[0 0 0 9] -f ;t>ffiAa(i«efflT-5-f :^>»a!S.tX 
[0010] -|-^7^d;a^;^^-fTt5nT,'iS^«:l%Ryf^lA/0^?g 

MM 

^5g'r^>^^fflLTis (a) <7)Mi-^nrzm^miisc 20 

UTfe^^i. 053g-1"^>©X^;l/^— «k e V;(5ie.Me 
VtCR^. k e V|eHCDX:?i;P:^— CD^Ig-f ::i->€:<sBffl 

-rnt^, mm-r^jim. (a) *s«<t75«^ 

Cttii<. to-TA^lz 3 X 1 0 ' ' c m- ' coiixm 

izj^^xm^v^^mmnm^^ti^ z. izt^^t^-Dtz, 

{t-r-5.^^T^^'1'-V^> K^«m-r-5Ci:/j:< . 2 ox 

1 0' ^ cm- ' w_hcD^m-r:t>ifegaAa&rriitrc 

^^-f :^>®iSAfi5. 5 X 1 0' ' cm- "C, ^"J 30 

jl^"^^*lTiitrt#{c«6ffl-r#sffiAS«, mm-f^> 

^tiaEA«J&^«:$tf^-5, k e V^efflco-f :^->x4i;i'^ 
3X10' » cm- ' CDffiAfi;di*^T*-5C: 

MM 

COJ^-^fe. M^'f:t>CD?Tiii;^.{CjgLfcaA«(C!SiK 40 

T*-5(D-r. =&-«ffiAfi«i>i^</j:0, ASMICttlx 
1 0' = cm" ' SST^^o 
to 0 1 1] 2|s%^(D:^&^{^fflLT. >j>moy 

[0 0 12] iliS^MfJ^^aAXSIC*3{t'5aAS«^ 

[0 0 13] €-'!rjiAX@T«, ^f^-SX^^I/^-W-f 50 



#B§¥-6 - 1 6 6 5 9 4 
4 

:r:^JU^—^^i-f^ z. iziiti^, 

[0 0 14] M^^tirzm<Dm^xitm^\t^ ^-i^^^ 

> H * ^ -r CD trffiffl -r ^ f :t >(D ttKR IX^ CD < :t > 
[0 0 15] Xe (c) -Cti. Xg (b) CO^fiSimtT 

x->j >^bT*&^a«^«e.bT. SAMF-e>^ 

7X-U >i^Mffi/0^*£cogS#.^(CilfiX$n-5 
^#cDH^{cJ:So 7x-U>4'«. »Sb<ttSSia 

mx. mxm*m?>'^nrzm<D^mzj^W]-r^(^t^±\:^ 

ia««ASB<)f'«5 0 0~ 1 5 0 0° CCDjefflTa&«. 

;ic5®H®{£ViS5^j-, -tfs.t>-^ 1 0 0 0° c^m^ 
u^^m.six<D. #^xs (c) coT=:.— <j>ifm.m\zm 

^HcoS5V^ai5^5-. -TTSitJ-fe 1 0 0 0° C€:4g^-5SST' 

<D. ^*iTM (c) K)Tx— >j >yiaa!{::sija-r-5i)Df?ft 

B#r^«, jl^l#7feJi§-r$.*» #^XS (c) T— B.T 

MWfc:«€-^xg-t?3 0 5j-^4g;l;Jct.i. 

[0 0 16] 

immm\ :^mM(n:fsm<n'^^^mm.m\zm.m\^rz. z. 

5~0. 8mm,t«I^T?a&ofe75^ -S-n^) JC«^T 8 X 
3. 7mmC0ffi*^'$,-3fc. SSSftT, 
y-f ■V^:> FCD±tCffiAffi«7 X Smm^m^-r-SIIIQ 
^:^i7ro(f SrilbT, aASrffofc. Sl5DC5ffiAXie® 

TffLli (v i r g i n) SHSttiL> i^UT. ?KtS!. 

mm^z/Mmmm<Dmm-tm(ommx' e o ^i-p^^;* b. 

:^t,iT^e7K-ei5fe?*U;t, #'!r^j^«)aAXiSCDSft{c. . 
HtrffiOiJfet^^f^SriHIOjgLfc, /N''JT>/Xi/X hU^t 

> (Var i an/Ext r i on) M'f^>ftA^-C 



( 4 ) 
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[0 0 17] mmm. (rd n-fjuoMasA^ffl^^T 
m\zm-oxt(7)}vyTf^(D^^m.rsmL. strict 

CO 0 1 8] #SiJ(CiatfUTit-Dfc*FiTS6xjS!l^^ff-D 
^CD^^g^, ^tCj;oT7L (hole) Rl>'7^- — 
(f e e d t h r o u g h) ^IKOI^t,^;^^ t 

#ttfcjga!^'7>f-KX;P-Sr#-r-5;i/7Xtt (be 1 
1 jar) OtpiCBl/^^, ;^ti-e. -fcr:^^< K • 7^ 



ffitn:«. ^-fX (K e i t h 1 e y) 1 7 

«±:-c. I BM-ajgtt/'<— y:^;^ • 3>tra.— 
[0 0 19] 0t^ji^rcit®*m^75\ 3i^':7^-r^>^c 

Mi^B^cOil^^l <&f#fc„ 1 X 1 0' ' cm- ^ (D^m 

«1 tCS^-To TR I M8 9 [ J . F. ^-^"y— (Z i 
e g 1 e r ) , J . P . t: T-tf -y^ (Biersac 
k) R.!>'U. U hv'— i7 (Littmark) : r@ 
#:tt'©'r:t>«^f±<i:iefflj (^;l';tf^:> • X 
3.-3 — ^7. 1 9 8 5) ] ©->S3.U— ->3 XCctO. 
« 1 t'^f aAT^fife-rs®i|§Ii;a«5i-*$:4^;^-g)7t 

(displacement) Sr^g^-T -5 

20 ffiA-rnt^, 13 8 {3f.cS. 
[0 0 2 0] 

1 ] i^aAS 1 . 0 X 1 0 ' ^ c m- * (jymM-^^ 





(k e V) 




(cni-2) 




(cm-2) 




15 0 


4. 


0 X 1 0 


6. 


19x10'* 




12 0 


2. 


6x10'" 


3, 


7 7X10'* 




8 0 


2. 


2x1 0 


2. 


6 6X10'* 




5 0 


1. 


2X10'" 


1. 


18X10'* 






1. 


0X10'* 


1. 


3 8 X 1 0'^ 



[0 0 2 1] ^S-f ^>SEA{CJ4:'<T. ^mM(r>'pm-^ 

m-Q^^, 01«, ^m-l':*>SrffiAbfcy-f-\'t> K 40 

^«<^>ffiAS{c*r-r-5ffiWiseioy^:7 

y&xcozfay hT:&o. ^^rnxo^m. 6 5 0° cs 

fitt 1 . 0 X 1 0 ' ^ c m" ^ ^#:-r2 0® 



cm- ^ t 



^tS=&^-f ^>aAfl:fS4 X 1 0' ' cm" 
fc, 8X10' * cm"^ tl2xi0' ' 

co^^o^a-i';i->aASfc*3(.iT. yx-u>i^B#t'. 

[0 0 2 2] :^mM(D:fjmiZJ:^. Z.(Dy--iJ y^^u 
ffiT\ $mmTC7iz:f^ (acceptor) (©SStJ^ 

• ' cm- ^ »5^'^mfiEAa®lSS:lsKffl-r'5aASr, 



( 

7 

0 0* C*-rjaS®^a;i5:T-— 'J>y<£-ff<'i, 56^m 

vfz. *«]®4o©i@cDSg*$rig2 tr^-r. 

m^x(D^mx<Dm:mt. ±^^A^3m&.±^Ti^. m 
0. 3 7 ev(DisjtJL^ji'=¥-^^-rm.i^it. j^om^ 
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8 

T' " <Dmmiti.xim.<Dmm^^a-y h-r^::nz 

10 [0®<7)ffl*^CBftBJ] 

[01] :!^^m<Dmn=&m.m-r^if^yx&^c 
[0 2] *!S!sa©i|Kffi*ittBa-rsy^:7Ta&-5. 



[0 2] 




[^iBSffilE 1 ] 
[«jE*t*JSS«] ±x 
[*fliE(*9«] 

^^miZHh^X. (a) {SMT©d>«1':^>aA*<^ 

MH^cDjg^TN ^i^Pfi©me.5n;tii^?^fi5t-r-sxs 
(b) {&mx(D{}?'m-<yt>mx^^mvtA^^ib, 
$nfc)g(Dft»tc H- tr>ifjg^$:#A-rsxs 



i. (c) X@ (b) ®^^i^e%illCT::i-U>^^ 

stcte»$-e-'5xsi. (d) m^v^^m(D\i--fm 

•r, XS (a) ~ (c) SriSSOjg-rxSi&^ti", JilS 

[tt^JS2] xs (a) x-o^M^-^ntcm^mi^-t^ 
(Di,zmmT^-i^>i)^mm-i^>x$>^. m^mnzm 

[W*3S4] [Hi-©'r4->^, 'f^>aAxs (a) 

RD? (b) tc^ffl-rs. 1 tCBE«lt®SajS:^te, 



(6 ) 
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m^me] nm (a) ~ (c) =s:6^t£< thsmm 
ft. 

[i»*:®7] urn. (a) RtK (b) ©-1':^>aA^0 

• c*}^<DM«Tffo. »*«i~6©<.i-rn75vi^tc 

CM^JSS] nm (a) sex (b) <D-r:i->ffiA^^^ 

[W^jSSl XS (c) ij >y«>7— — 

'J>i^SS75^, 500~150 0° CCO^HT*^, m 

1 0 ] msd.7~- u > i^ia**^ 1 0 0 0° C 

tw^Jiii] Buia7'--u >4^fi«;on 0 0 0° c 
u*^t)Ci©iaa[(ci#*^-eiffifiR$-i±-s. 

[«^^12] #>^XS (c) T— H.T^-U>i^M 

ti. lt*]Si~i 1 ®Vi-rn*» i:^{cE«oSjt:^ffi, 

[0 0 0 1] 
[0 0 0 21 

rt{C^e.$nycW (damaged layer) 
[0 0 0 3] 

>^^$nfc3^'f-v^>F*S!jfi-r-5:;^&«, (a) e 

MTO^j^M'f ;*->ffiA (ion implantati 
on) ^^mLttt^^. ^^-('V=E>\^<Dm^^^\HiZ^ 

-r^xsi: (b) {&MTcD{}>m-(:t>mx^mmi.fA 
75^^. ^come.$tifc^K>«f {cK-bf>i5'ii^^#A-r 

-SXSt. (c) SPg (b) <^^fi)c<^*tij£{C7:r- 



1§^{iM!Cl£fl!t$-Br.5X@i:. (d) MSbt:>ftAS 
» F - y ^ F - > i'' ^ nfe y -f •\' ^: > K 
jg^n^^-r. X@ (a) ~ (c) Si^OjgTXSi^: 

[0 0 0 4] T^^mcoyjmit, ^'r-vt>F©4'(::F— 

hf>^il^ SrSA-r-5/cJ6©. /^PB^AttiaTn- 'J 

(c) itwuM. of£< ti>5{Bi&L±momTc ^nib<D 

X|i*^Dig-rg««, mSF-tf>^coSSlcJ:^o 

ofe, ^ijtLT. g^(c#ffi-r-5 1 I b^y-r-^t>F 

[0 0 0 5] ^CD^-r-V'^:>F4'Om^^tlfca«. 

fiT-co^j>S'f >aA^<sEffl-r -s c i: tcj: o Tf# 5 n 

-5.0 •1':^>ffiAfCtt, ®^Aj:X:^J1.4^-CD-1-^>Ty-l' 

> Ficisst^jpA-sci/O^^sn-So ^oaAft 

® ^-r -^^ > F <Dm^mf^^m^\m. ^-^ntzMo^^^z 

[0 0 0 6] mm'^m^^-r^'X^y&xff^^c^Mmii 
-asB<]ic«, .^xmmmumm-T:mmizw±v 
xt&mi^u^^ji-oizu^mmiz+^izmK ^o^mm^ 

[0 0 0 7] X@ (b) T-ffiVi-S, {g;®T®^»'r:t> 

ffiA{c«j8{^fe#^«effl-r^. 

[0 0 0 8] Xg (a) RUJ (b) t±|WIB#(c:fT5 C i:;!^^ 
T^-So -eaj^t^, JSffi (damage) «3^'f-\'^>F 

•r-5c:<t7&<T^-5. ^J^if> feb^^-r-\'^>FiC5^r:7^ 
m-< :t>\ty-^^'=E>}^'pizMi>^nrzm^mii(.-r^fz 
[0 0 0 9] -^^yrnxmu^mT^-^Ttx^mmtx. 

\Z/b^<ti.^o 

[0 0 10] -i-^rmm^n^tixjkiKmRu^x^m 

^^-1':t>^filfflLTXiS (a) CD^t. ^nfcB^JgfiX 



( 7 ) 
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\^^:iii^<. t)-rMZ3 X 1 0' ' cm- ' oaAS 

<t-r^.'*isT-y-f-^'^>h'^«^-r^:ii;^£<. 2 ox 

10 ' ' cm- ' WJiO^^-f :;t>i^ffiAfi*n"jitJC 
0iS^-r5*->0ffiAa5. 5 X 1 0' " cm- ^ 'FW 

^ViffiA»;5^fF^T-^^, k e ViefflW-f :t>x:^i;i/^ 
— T«. 3X10' ' cm- ^ OffiA«***^Ta&^C: 

s^^-f ;t>0?Ti2^i!*-{cjgL/iffiAatcaM 

Tab-SOT, =&>!?aA»tt^j>fj:<fj:D> AMW{-«lx 
1 0' ' cm- ' SST^-So 

[0 0 1 1] *^B^®:^ffi$r^fflUT, tS, U>#® 
[0 0 12] afigW;^c#^aAIS{c*5tt^ffiA«ti^ 

[0 0 13] ^^mXJ^m-V\t.. StJc^X:^^;!/:^— C5-r 

-ir^: > H ®n«nB*^ 6.««g^$ STi^M;i?S e ni^c® 

[0 0 14] m.'^-^nrzm<Dm^xitm^i^. y-^^^^ 
«)x:?.;i'^-^cDa>4r«s^{c^-g>, in.f^^nitm(r>m 

1 MmO<6rI:JJ-® 1 2, 3 jiiml^JiS-elS'Jr 
[0 0 15] X@ (c) Tfi. (b) ©^fiR#9«T 

SB^WTMfiJt^n^tVi-pSc^T. Tx-'j >i^fi®3i 

7x-u>yias7&«t-®estijS{cMfi£^n-s 

*^t±. S^L;fe7x-U>i^SSRa5?!SS.^tifc:Ba)J» 
S^<DBTtCj;-5o TX-U>i'«. $f^b<ttS^S 
ST?, ■gA'^*JMb$nfcfflco^1.gp{c^«j-r-i>CD7i^*^D 

aft«ASB<J»C«5 0 0~ 1 5 0 0' CCD3eH-C*S, 



■5. dCDlgHO^SViSBiJ-. r?a:t)-& 1 0 0 0° CSSx. 
fj:Vifi«T®, $>^XS (c) »7x-'J >i7'MS!ciiJ 
af-5JP^^M(i. il^2. 3#~2 OS'Ta^-So -^CD 
^ffl©iffiVig|5^i-, ■r;iC*3^ 1 0 0 0° C^SIA*S«T 

©. #^xs (c) (DT--'}>ifumzmm-t^mm 

B$WH. jl^l#*i»-C^^. ^-^JLU (c) T— JBT- 

swfctt#>!?xa-e3 0 ^^m?ifs.\^^. 

[0 0 16] 

[||]!f6^J] *%BjcD::^ft©^ii)m^llitB<)(cSE0JL.fc= d 

@*D*<s6ffibfc. ^ne.©^'f-\'^:>KWifE$li2. 
5~0. 8mm<i:<SI^-e«.ofc/0^\ ^neiCtt±T8 X 
3. 7mm©®*^'a&o/t. ^g?^^^© e^SS[T\ 
:5^-1'-\'^> KcD±(caAffiW7 X 3 mmS'ili^f -S-MiB 
VXi7«)4>*aLT, ffiA*ffo;t, a^CDftAXg© 

TffbV^ (V i r g i n) Sffi^ffiL, i^t^T. iitif, 
> (V a r i a n/E x t r i o n) M-f :^>aAtST 

[0 0 17] iS^ajE (RF) n-r;K^««JS:^S:ffltiT 

TSAbfe. =10<i;3fCbT. S3g®S*T#,jS{Cj!lPl^ 
•r«il<t;^^T#, Hufe-:3TaA.;t'B#P^*tJtbJto 

TSfeA-rSitbiiA/fc*, TX— U>iy'0^, ^^^-f-^^: 
>F^®STie»bTf»«^ftb, ;^(ClJTiie7KTifei*b 

[0 0 18] WgiJlCliatt-bTjgofe^PT'itJajilSSrffo 
feo 3l{CJ:oT?L (hole) mSy^- 

h*x;i/— (feedthrough) ^©D^Vife^r 

^y'T-mzts.ri-Z^^tz. SMIiSwf^. l^M^tbTfe 



( 8 ) 
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1 jar) (Dfplzm^^fc. :*liT\ if^t^-i h • y -< 
a!a«, :t3^7>U— (Ke i t h 1 e y) ^t'JI'G 1 7 

[0 0 19] 0t^®WcltOiTj2i^*\ ^^-^^-f 

it«ai^§ws^#)*w;to 1 X 1 0' = cm- ^ <Dm.m 





(k eV) 


(cm-*) 


(cm-0 




1 5 0 


4. 


0X10'* 


6. 


1 9 X 1 0 




1 2 0 


2. 


6X10'* 


3. 


7 7 X 1 0 




8 0 


2. 


2X10'* 


2. 


6 6x1 0 




5 0 


1 . 


2 X 1 0 


1 . 


1 8 X 1 0 






1 . 


0X1 0 


1 . 


3 8X10'' 



SI icS^To TR I M8 9 [ J . F. =}—^=7- (Z i 
e g 1 e r) , J . P. t'T-tf-;/ (B i e r s a c 
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(54) DIAMOND DOPING 

(5 7) Abstract: 

PURPOSE: To provide a method for introducing a high concn. of dopant atoms into diamond and further forming a layer 
homogeneously roughened down to the damage depth from the outside surface of the diamond. 

CONSTITUTION: The process for producing the doped diamond includes (a) a stage for forming the roughened layer of a point 
defect in the form of hole and infiltration type atoms within the crystal lattice of the diamond while using a small amt. of ion 
implantation at a low temp., (b) a stage for introducing the dopant atoms into the roughened layer while using the small amt. of ion 
implantation at a low temp., (c) a stage for diffusing the infiltration type dopant atoms into the lattice position by rapidly annealing 
the product of the stage (b) to decrease the lattice damage thereof and (d) a stage of repeating the stages (a) to (c) until the 
doped diamond having a desired amt. of the dopants is produced. 



